Chaetothyrina musarum and C. mangiferae sp. nov. (Micropeltidaceae, Dothideomycetes) are reported from fruits of Musa sp. (Musa acuminata × Musa balbisiana) and Mangifera indica, respectively. Introduction of a new species, Chaetothyrina mangiferae, and provision of a reference specimen for C. musarum with sequence data, supported by morphology will help to stabilize the taxonomy of the genus and family. Maximum likelihood and Bayesian analyses of LSU and SSU sequence data show that C. musarum forms a distinct clade with other genera in Micropeltidaceae within Capnodiales and C. mangiferae clusters in a poorly supported clade in Dothideomycetes, Illustrated accounts of Chaetothyrina musarum (reference specimen) and C. mangiferae are provided and compared with similar taxa. This is the first report of C. musarum causing sooty blotch and flyspeck disease on Musa sp. (Musaceae) in Thailand and C. mangiferae causing sooty blotch and flyspeck disease of Mangifera indica (Anacardiaceae) worldwide.
Introduction
The order Microthyriales was introduced by Arnaud (1918) . This order presently comprises two families, Micropeltidaceae and Microthyriaceae. The order Microthyriales has been poorly studied and there are few representative cultures in culture collections and sequence data in GenBank is minimal. This order comprises saprobes, pathogens and epiphytes found on dead or living leaves or stems (Kirk et al. 2008 , Schoch et al. 2009 , Wu et al. 2010 , 2011a , b, Hongsanan et al. 2014 . Species of Microthyriales are characterized by small and inconspicuous black spots on host tissues, which are the flattened, usually poorly developed at the base, ostiolate thyriothecia. Asci are bitunicate with fissitunicate dehiscence and pseudoparaphyses may be present or lacking. Ascospores are hyaline to brown and uni-to multi-septate (Arnaud 1918 , von Arx & Müller 1975 , Barr 1987 , Kirk et al. 2008 , Wu et al. 2011 , Hyde et al. 2013 .
The family Micropeltidaceae was introduced by Clements & Shear (1931) . The number of accepted genera has varied from eight (von Arx & Müller 1975) to 27 (Kirk et al. 2008) . Barr (1987) accepted five genera, Lumbsch & Huhndorf (2010) accepted 24 genera, Hyde et al. (2013) included ten genera and Wijayawardene et al. (2014) included 13 genera. This family is distinguished by superficial, flattened and scutate thyriothecia, with an upper wall comprising non-radiate, often meandrous interwoven cells, and a poorly developed base. The hamathecium comprises narrow cellular pseudoparaphyses. Asci are bitunicate, and clavate to cylindrical and ascospores are hyaline with long-clavate ascospores and usually with more than two septa (Clements & Shear 1931 , Batista 1959 , von Arx & Müller 1975 , Barr 1987 , Wu et al. 2011a , Hyde et al. 2013 . The family has been poorly studied (Wu et al. 2011 , Hyde et al. 2013 .
The genus Chaetothyrina was introduced by Theissen (1913) and is typified by Chaetothyrina musarum (Speg.) Theiss. Chaetothyrina is characterized by ascomata with setae, superficial hyphae which are absent or inconspicuous and hyaline, 1-septate ascospores (Reynolds & Gilbert 2005 , Hyde et al. 2013 . This genus consists of 18 species records in MycoBank and 17 species records in Index Fungorum (2015) . The genus Chaetothyrina causes flyspeck disease, e.g., C. musarum is found on banana (Musa sp.) (Muller & von Arx 1962) and C. panamensis on Oncoba laurina (Muller & von Arx 1962 , Hofmann & Piepenbring 2006 . Sooty blotch flyspeck disease (SBFS) is a disease complex caused by a diverse array of epiphytic fungi that colonize the epicuticular wax layer of fruits, stems and leaves of many plants in humid areas, worldwide (Batzer et al. 2005 , Yang et al. 2010 , Miñarro et al. 2012 , Hao et al. 2013 , Mayfield et al. 2013 , Zhang et al. 2015 . The causal fungi are characterized by colonies produced on host tissues, from superficial, spreading, dark, irregular blotches of mycelium, with or without sclerotium-like structures or fruiting bodies and are referred to as "sooty blotch". "Flyspeck" on the other hand designates clusters of shiny, small black sclerotiumlike structures or fruiting bodies, lacking visible intercalary mycelium (Batzer et al. 2005 , Frank et al. 2010 , Yang et al. 2010 , Mayfield et al. 2013 . A typical example of flyspeck is on apple and is caused by Schizothyrium pomi (Mont. & Fr.) Arx (Farr 1961 , Batzer et al. 2002 . Infected fruits are generally rejected by the market and consumers, resulting in considerable economic loss to growers , Miñarro et al. 2012 , Zhang et al. 2015 . The SBFS complex is estimated to comprise 60-80 species (Batzer et al. 2005 , Díaz Arias et al. 2010 , most are either taxonomically undetermined or undescribed (Batzer et al. 2008 , Sun et al. 2008 , Schoch et al. 2009 , Yang et al. 2010 .
The aim of this paper is to introduce and describe a new species, Chaetothyrina mangiferae and provide a reference specimen for C. musarum with molecular data. Both species cause sooty blotch and flyspeck disease; C. musarum on fruits of Musa sp. and C. mangiferae on fruits of Mangifera indica in northern Thailand. The type material of C. musarum is also illustrated along with the reference specimen. Chaetothyrina mangiferae is introduced based on morphological and phylogenetic evidence.
Material and methods

Sample collection and morphological studies
Fruits of Musa sp. (M. acuminata × M. balbisiana) and Mangifera indica were collected in Chiang Rai Province, Thailand and brought to the laboratory in paper bags where they were examined using a Motic SMZ 168 series dissecting stereo-microscope. Free-hand sections of ascomata were mounted in 10% lactoglycerol for photomicrography and microscopic studies. The taxa were examined using a Nikon ECLIPSE 80i compound microscope and photographed by a Canon 550D and 600D digital camera fitted to the microscope. Tarosoft (R) Image Frame Work program was used for measuring, and images used for figures were made with Adobe Photoshop CS5 Extended version 12.0 software (Adobe Systems, USA). Isolation was carried out from single ascospores following the method described by Chomnunti et al. (2014) and germinating single spores were transferred directly to malt extract agar (MEA) plates and grown at 15-18°C. Characters of colonies were observed and measured after 1-2 weeks.
The type materials are deposited in the herbarium of Mae Fah Luang University (MFLU), Chiang Rai, Thailand and Kunming Herbarium Collection (KUN), Kunming, China. Cultures are deposited at the Mae Fah Luang University Culture Collection (MFLUCC), Chiang Rai, Thailand and Mycothèque de l'Université Catholique de Louvain (MULC), Belgium. Faces of Fungi and Index Fungorum numbers were obtained as explained in Jayasiri et al. (2015) and Index Fungorum (2015) .
DNA extraction and PCR reaction
Genomic DNA was extracted from mycelium grown on MEA for 1-2 weeks at 25-28°C using a Biospin Fungus Genomic DNA Extraction Kit (BioFlux®) following the manufacturers' protocol. The amplification of rDNA regions of the small subunit rDNA (SSU) and large subunit (LSU) was carried out using NS1 and NS4 (White et al. 1990) and LROR and LR5 (Vilgalys & Hester 1990) . The amplification procedure was performed in a 25 μl reaction volume containing 1 µl DNA, 1 µl of primer 1 and primer 2, 12.5 µl of 2xMaster Mix and 9.5 µl of ddH 2 O. Amplification conditions were setup for initial denaturation of 3 min at 94°C, followed by 35 cycles of 30 s at 94°C, 50 s at 55°C and 1 min at 72°C, and a final extension period of 10 min at 72°C. The PCR products were checked on 1% agarose electrophoresis gels stained with ethidium bromide. Purification and sequencing of PCR products were done by Shangkai Majorbio Biopharm Technology Co., China.
Sequence alignment and phylogenetic analyses
The two generated sequences were compared with other sequences in GenBank by nucleotide megablast searches. Multiple sequence alignment was carried out in BioEdit (Hall 1999) and Clustal X (Thompson et al. 1997) . Maximum likelihood analysis was performed by using raxmlGUIv.0.9b2 (Silvestro & Michalak 2012) . The search strategy was set to rapid bootstrapping and the analysis carried out using the GTRGAMMAI model of nucleotide substitution. The number of replicates was inferred using the stopping criterion (Pattengale et al. 2009 ). Maximum likelihood (ML) bootstrap values equal or greater than 60% are given above the nodes (Fig. 1) . The model of evolution was carried out using MrModeltest 2.2 (Nylander et al. 2008) . Posterior probabilities (PP) (Rannala & Yang 1996 , Zhaxybayeva & Gogarten 2002 were determined by Markov Chain Monte Carlo sampling (BMCMC) using MrBayes v3.1.2 (Huelsenbeck & Ronquist 2001) . Bayesian posterior probabilities (BYPP) equal or greater than 0.90 are given below the nodes (Fig. 1) . A single species of Arthoniomycetes, the sister class to Dothideomycetes, Schismatomma decolorans (Turner & Borrer ex Sm.) Clauzade & Vězda (DUKE 0047570) was chosen as the out group taxon (Wu et al. 2011 .
Results
DNA sequencing-SSU and LSU
The combined gene analysis of the LSU and SSU dataset comprised 53 taxa including our new strains of Chaetothyrina musarum and C. mangiferae sp. nov. Sequence data from taxa in Capnodiaceae, Dissoconiaceae, Micropeltidaceae, Microthyriaceae, Mycosphaerellaceae, Natipusillaceae, Phaeotrichaceae, Schizothyriaceae, Symphoventuriaceae, Venturiaceae and Zeloasperisporiaceae were downloaded from GenBank to supplement the dataset (Table 1) . Phylogenetic analyses used combined LSU and SSU sequence data (Fig. 1) . The Micropeltidaceae I clade comprises six available strains from GenBank and formed within Capnodiales (68% ML, 0.9 PP support). Chaetothyrina musarum groups with strains of Stomiopeltis and houjia in the clade Micropeltidaceae I, but is separated from other strains with relatively strong bootstrap support (90% ML, 0.95 PP support, Fig. 1 ) and forms a robust clade sister to Stomiopeltis versicolor (Desm.) Arx (GA3 23C2b). The Micropeltidaceae II clade comprises five available strains from GenBank, and three of the five strains belong to Micropeltis which is the generic type of Micropeltidaceae. The Micropeltidaceae II clade is clustered as a sister group to the Microthyriaceae clade. Chaetothyrina mangiferae clusters with Paramicrothyrium chinensis H.X. Wu & K.D. Hyde (IFRDCC 2258) with high support (100% ML, 1.0 PP support, Fig. 1 ). However, Chaetothyrina mangiferae is not morphologically similar to Paramicrothyrium chinensis (IFRDCC 2258) but similar to Chaetothyrina musarum, thus introduced as a new species. Although support for the different genera of Micropeltidaceae is generally weak, we suspect this is because the family is poorly populated with sequence data and some genus / species names are putative (e.g., Stomiopeltis versicolor). 
Phylogeny
Taxonomy
The present study resulted in the discovery of a new species, Chaetothyrina mangiferae, and a reference specimen of C. musarum is provided. These species were associated with SBFS on mango (Mangifera indica) and banana (Musa acuminata × Musa balbisiana), respectively. The genus and species are treated below.
Chaetothyrina Theiss., Annls mycol. 11(6): 495 (1913)
Epiphytic on stems, leaves or fruit surfaces, as very small, black, shiny dots, with long setae. Sexual morph: Thyriothecium superficial, easily removed from host, circular, brown to dark brown, rounded and darkened at the margin, base poorly developed, with long setae, lacking superficial mycelium. Setae straight, rounded at the apex, unbranched, with dark septa, brown to dark brown. Upper wall comprising brown to dark brown cells of textura epidermoidea. hamathecium comprising septate, hyaline, pseudoparaphyses.
Asci 8-spored, bitunicate, broadly obovoid to pyriform, apically rounded, with an ocular chamber, smooth-walled. Ascospores 2-3-seriate, broadly ellipsoidal to fusoid, 1-septate, slightly constricted at the septum, hyaline, smooth-walled, upper cell mostly larger than lower cell, base with rounded ends.
Type species:-Chaetothyrina musarum (Speg.) Theiss.
Notes:-Chaetothyrina was introduced by Theissen (1913) as a monotypic genus and typified by Chaetothyrina musarum. (Speg.) Theiss. Müller & von Arx (1962) provided an illustrated account. The genus is characterized by ascomata with setae, lack of superficial hyphae and hyaline, 1-septate ascospores (Reynolds & Gilbert 2005 , Hyde et al. 2013 .
Chaetothyrina musarum (Speg.) Theiss., Annls mycol. 11(6): 495 (1913) ≡ Chaetothyrium musarum Speg., Anales del Museo Nacional de historia Natural Buenos Aires 6: 297 (1898).
Description from BPI 646466 (Fig 2.) Epiphytic on the surface of fruit of Musa sapientum L. Sexual morph: Thyriothecia 110-155 × 105-150 µm ( x = 134 × 123 µm, n = 5), superficial on host tissues, solitary, circular, brown to dark brown, rounded and darkened at the margin, easily removed, base poorly developed, with setae, ostiole central, lacking superficial mycelium. Setae 90−120 µm long, arising from the surface of thyriothecia, straight, rounded at the apex, unbranched, septate, darkened at the septa, brown to dark brown. Upper wall comprising 2−3 layers of textura epidermoidea, brown to dark brown. hamathecium comprising septate, hyaline, pseudoparaphyses. Asci 24-38 × 10-14 µm ( x = 32 × 12 µm, n = 8), 8-spored, bitunicate, broadly obovoid to pyriform, apex apically rounded, with an ocular chamber, smooth-walled. Ascospores 10-13 × 3-4 µm ( x = 12 × 4 µm, n = 20), 2-3-seriate, hyaline, broadly ellipsoidal to fusoid, 1-septate, slightly constricted at the septum, upper cell mostly larger than lower cell, basal cell with rounded ends, smooth-walled. Description from reference collection (Fig. 3) Faceoffungi Number: FoF02009
Epiphytic associated with sooty blotch and flyspeck complex disease on the surface of fruit of Musa sp., appearing as very small, black, shiny dots, rounded to ovoid, with setae. Sexual morph: Thyriothecia 125-160 × 125-150 µm ( x = 140 × 138 µm, n = 5), superficial or partly immersed in host tissues, solitary, circular, brown to dark brown, rounded and darkened at the margin, easily removed, base poorly developed, with long setae, ostiole central, lacking superficial mycelium. Setae 105−135µm long, arising from the surface of thyriothecium, straight, rounded at the apex, unbranched, septate, darkened at the septa, brown to dark brown, smooth-walled. Upper wall comprising 2−3 layers of brown to dark brown cells of textura epidermoidea. hamathecium comprising 1−1.8 µm wide, septate, hyaline pseudoparaphyses. Asci 30-41 × 10-13 µm ( x = 35 × 12 µm, n = 10), 8-spored, bitunicate, broadly obovoid to pyriform, apically rounded, with an ocular chamber. Ascospores 11-14 × 4-5 µm ( x = 12 × 4 µm, n = 20), 2-3-seriate, hyaline, broadly ellipsoidal to fusoid, somewhat curved, 1-septate, slightly constricted at the septum, smooth-walled, upper cell mostly larger than lower cell, base with rounded end. Asexual morph: Undetermined. MEA from above and below. Scale bars: b=500 µm, c=200 µm, d=50 µm, e=100 µm, f-l=20 µm, m-p=10 µm, q=2 cm. Ascospores germinating in Melzer's reagent. p. Colonies on MEA plate viewed from above. Scale bars: b=1,000 µm, c=200 µm, d=100 µm, f, g=50 µm, e, h, k=20 µm, l−o=10 µm, p=2 cm. Singtripop, Hongsanan & K.D. Hyde, sp. nov. Facesoffungi number: FoF02010 (Fig. 4) Etymology:-mangiferae refers to host, Mangifera indica Holotype:-MFLU 14-0191. Epiphytes associated with the sooty blotch and flyspeck complex disease of fruit of Mangifera indica, appearing as very small, black, shiny dots, round to ovoid, with long setae. Sexual morph: Thyriothecium 90-130 × 80-120 µm ( x =110 × 104 µm, n=5), superficial or partly immersed in host tissues, solitary, circular, brown to dark brown, rounded and darkened at the margin, easily removed, base poorly developed, with setae, ostiole central, lacking superficial mycelium. Setae 50−120 µm long, arising from the surface of thyriothecium, straight, rounded at the apex, unbranched, septate, darkened at the septa, brown to dark brown, smooth-walled. Upper wall comprising 2−3 layers of brown to dark brown cells of textura epidermoidea. hamathecium of 3−5 µm wide, septate, hyaline pseudoparaphyses. Asci 26-36 × 11-12 µm ( x =32 × 12 µm, n=5), 8-spored, bitunicate, broadly oblong to pyriform, ends apically rounded, with an ocular chamber. Ascospores 11-23 × 3-6 µm ( x =16 × 5 µm, n=10), 2-3-seriate, hyaline, broadly ellipsoidal to fusoid, 1-septate, slightly constricted at the septa, upper cell mostly larger than lower cell, rounded ends, smoothwalled. Asexual morph: Undetermined. (Barr 1993) , However, it differs in having smaller thyriothecia, larger, ellipsoidal to fusoid ascospores and a different host.
Chaetothyrina mangiferae
Discussion
The present study treats a new species, Chaetothyrina mangiferae and provides a reference specimen (sensu Ariywansa et al. 2014) for C. musarum with molecular data. The species were associated with SBFS of mango (Mangifera indica) and banana (Musa acuminata × M. balbisiana), respectively, and were collected in northern Thailand. Although C. musarum and C. mangiferae are morphologically similar, they have differences in several base pairs in SSU and LSU sequence data. Ismali et al. (2016) showed the placement of Micropeltidaceae in Capnodiales in their phylogenetic tree; however, they did not include the strains of Micropeltis, which is the type genus of this family. This study uses LSU and SSU sequence data to show the placement of Micropeltidaceae species in two separate clades (Fig. 1) . The first group clustered as a distinct clade in Capnodiales (similar to Ismail et al. 2016) , and the other clustered as family incertae sedis in Dothideomycetes. More collections and sequence data are needed to clarify and provide a reasonable placement of Micropeltidaceae in the phylogenetic tree. Chaetothyrina musarum clustered with other species of Micropeltidaceae within Capnodiales, while C. mangiferae is a distinct species in the clade that comprises three strains of Micropeltis, but outside Capnodiales (Fig. 1) . These results probably reflect the fact that the trees are poorly populated with taxa from Micropeltidaceae.
Based on the morphological study Chaetothyrina mangiferae (MFLUCC 14-0201) is introduced as a new species even though the phylogenetic tree shows it groups with Paramicrothyrium chinensis (100% ML, 1.0 PP support, Fig. 1 ). The phylogenetic tree branch length of Chaetothyrina mangiferae is longer than Paramicrothyrium chinensis (IFRDCC 2258). Chaetothyrina musarum and C. mangiferae are often found on post-harvest fruits in markets in Thailand during the cold season (November to February).
